Bupivacaine inhibits activation of neuronal spinal extracellular receptor-activated kinase through selective effects on ionotropic receptors.
Central terminals of primary nociceptors release neurotransmitters glutamate and substance P, which bind to ionotropic or metabotropic receptors on spinal neurons to induce cellular responses. Extracellular signal-regulated kinases are activated by these receptors and are important modulators of pain at the dorsal horn. The authors investigated these pathways as potential targets for antinociceptive actions of local anesthetics. The effects of bupivacaine on the activation of extracellular receptor-activated kinase (phosphorylation to pERK) in rat spinal cord slices, induced by presynaptic release (capsaicin), by presynaptic or postsynaptic ionotropic or metabotropic receptor activation, or by activation of intracellular protein kinase C or protein kinase A and also by a receptor-independent Ca2+ ionophore, were quantitated by immunohistochemistry, counting pERK-positive neurons in the superficial dorsal horn. Capsaicin (3 microm, 10 min)-stimulated pERK was reduced by bupivacaine (IC50 approximately 2 mm, approximately 0.05%), which similarly suppressed pERK induced by the ionotropic glutamate receptors for N-methyl-D-aspartate and (S)-alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid but not that induced by the metabotropic receptors for glutamate, bradykinin, or substance P. Extracellular receptor-activated kinase activation by the Ca2+ ionophore ionomycin was also sensitive to bupivacaine, but direct activation by protein kinase A or protein kinase C was not. Bupivacaine inhibits pERK activation resulting from different modes of Ca2+ influx through the plasma membrane. This represents a postsynaptic mechanism of analgesia that occurs in parallel with impulse inhibition during neuraxial blockade.